The discoidin domain receptors, DDR1 and DDR2, are key signaling receptors for the extracellular matrix protein collagen. The interactions of cells with collagen are difficult to study because of the difficulty to obtain native collagen fibers for in vitro studies. Thus, in vitro studies often use acidsoluble collagens in the form of single triple helices, which are not representative of the densely packed insoluble collagen fibers found in tissues. In this protocol, we describe a method that allows stimulating DDR1 locally with collagen-coated beads. Latex beads are first coated with acid-soluble collagen, then added to cells expressing DDR1. Recruitment of DDR1 to the beads and collagen-induced DDR1 phosphorylation is visualized by immunofluorescence microscopy on a widefield microscope. In this method, densely packed collagen is presented to cells in an insoluble form. Bead coating is easy to perform, and this method thus presents a straightforward protocol with which to study local recruitment of collagen receptors to insoluble collagen.
Procedure

A. Cell preparation and transfection
Note: This protocol describes the recruitment of collagen to Cos-7 cells transiently expressing DDR1.
1. Seed Cos-7 cells on 13 mm coverslips in 24-well plates at 1 to 3 x 10 4 cells/ml in 500 μl complete DMEM/F12 medium per well to obtain around 30% confluency the next day. a. Coverslips were sterilized before use by placing coverslips in a glass beaker and heating in a microwave on full power for 5 min. After heating, the beaker was covered with cling film and aluminum foil and stored at room temperature. b. Exact cell number for cell seeding is not important but it is important that cells are less than 50% confluent on the day of transfection. 
B. Coating of beads with collagen or control
Note: Perform bead coating one day before stimulation of cells. We have not tested whether coated beads can be stored for longer times.
1. Resuspend the latex beads thoroughly by vortexing and transfer aliquots to 1.5 ml Eppendorf tubes for coating with collagen or control.
Note: Each well is stimulated with 1 μl starting bead volume. When stimulating multiple wells, scale up the amount of beads for coating. For example, for stimulating 10 wells, aliquot 10 μl beads for coating.
2. Wash the bead aliquot by adding 1 ml distilled water and centrifuge at 4,000 rpm (1,236 x g) for 1 min. Aspirate supernatant.
Note: The latex beads are supplied as a suspension composed of polymer particles and water,
with small amounts of surfactant, sodium bicarbonate and potassium sulfate. Washing the beads in water is required to remove the other components.
3. Resuspend the beads in 1 ml coating buffer and centrifuge at 4,000 rpm (1,236 x g) for 1 min.
Aspirate supernatant.
Repeat
Step B3.
5.
Resuspend beads in 500 μl coating buffer containing 20 μg/ml collagen I or 20 μg/ml BSA control.
Incubate overnight on a rotating wheel at 4 °C.
Note: We have only tested coating up to 20 μl beads. For coating of higher bead volumes, the coating buffer may need to be scaled up. 6 . After overnight incubation, add 500 μl 1x PBS to beads and centrifuge at 4,000 rpm (1,236 x g) for 1 min. Aspirate supernatant to remove unbound collagen. 5 www.bio-protocol.org/e3339 The primary Ab solution is spotted in 30 μl aliquots onto the parafilm, then the coverslips are added with cells face down onto the Ab solution and incubated for 1 h.
Data analysis
Microscope slides are analyzed by imaging with a widefield microscope using a 60x objective. The images are focused at the interphase of cell and bead contact, and beads, total DDR1 and phosphorylated DDR1 are imaged in brightfield, green and red channels, respectively. 
Representative data
In a recent article, we demonstrated recruitment of DDR1 to collagen-coated beads, which led to local DDR1 phosphorylation only (Juskaite et al., 2017) . An adapted figure with extra time points is shown below (Figure 2 ). Data are representative of at least 10 fields of view from 3 independent experiments. 
